In the present study the prevalence of impaired glucose tolerance and non-insulin dependent diabetes mellitus in a rural population in South India was assessed and its associations with body mass index and a family history of diabetes mellitus. Data were obtained from inhabitants of two villages located in the North Arcot District of Tamil Nadu. After an overnight fast, 467 randomly selected subjects, aged 40 years or over, were given 75 g glucose orally. After two hours the capillary glucose level was determined. The prevalence of impaired glucose tolerance (2 h value .Z 7.8 mrnoyl and < 11.1 rnmol/l) was 6.6% (31 subjects). Non-insulin dependent diabetes mellitus (2 h value r 11.1 mmok'l) was found in 23 subjects (4.9%). Of these, 53% were previously unknown. Age and sex adjusted mean body mass index was significantly higher among subjects with impaired glucose tolerance compared to subjects without glucose intolerance, with a mean difference of 1.4 kg/m* (95% confidence interval (CI) 0.2, 2.6). A positive family history of diabetes was non-significantly higher in subjects with impaired glucose tolerance. Subjects with non-insulindependent diabetes mellitus had a higher mean body mass index compared to subjects with normal glucose levels with a mean difference of 1.9 kg/m2 (95% CI 0.5, 3.3). A positive family history of diabetes was more common among diabetics with a difference of 20% (95% CI 10,30). Our findings suggest that in a considerable proportion (11.5%) of the rural South Indian population aged 40 years or over glucose intolerance is present. These results may indicate that apart from other important causes of morbidity and mortality, a substantial proportion of the rural Indian population will suffer from cardiovascular morbidity and mortality in the near future.
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and non-insulin-dependent diabetes mellitus varies 0168-8227/94/$07.00 0 1994 Elsevier Science Ireland Ltd. All rights reserved SSDI 0168-8227(94)00867-T considerably across populations [l-3] . Studies among migrant Indians throughout the world [4-lo] have shown a higher prevalence of diabetes mellitus compared to the population residing in the Indian sub-continent and compared to that found in other racial groups in the host country (111. In 1978, the Indian Council of Medical Research (ICMR) study reported a higher prevalence of diabetes mellitus in urban than in rural populations [12] . Recent studies in urban populations in Kundremukh, South India [I 31 and in Darya Ganj, show that a relatively high prevalence observed in migrant Indians is now also found in India, suggesting an ethnic susceptibility to diabetes which is revealed with exposure to environmental factors [ 111. Population-based studies on the prevalence of non-insulin-dependent diabetes mellitus (NIDDM) and particularly of impaired glucose tolerance (IGT) in rural parts of India, where the majority of the population live, are rarely documented.
Therefore we report the findings of a population-based survey in a rural area of South India, in which the prevalence of impaired glucose tolerance and non-insulin-dependent diabetes mellitus, was assessed according to the 1985 WHO standards [I] and its associations with body mass index and family history of diabetes mellitus.
Materials and methods
The participants came from two villages of the KV Kuppam block (104 000 inhabitants) located in North Arcot District of Tamil Nadu. Both villages consisted of 450 families each with a total population of 5000 inhabitants. Each family was registered at the Rural Unit for Health and Social Affairs (RUHSA). This registration provided information on name, age, gender and address. A population sample was obtained by visiting every third family, for which the information came from the registration used at the RUHSA. Subjects aged 40 years or over were eligible for the study. They were informed and motivated to participate in the study by Family Care Volunteers and Rural Community Officers, who are both representatives of the rural community. All participants were visited the night before. The objective of the survey and the importance of an overnight fast was explained to them in their own language (Tamil). The study was carried out from September 1990 to December 1990.
Measurements
At 06:OO h participants were given a monohydrate glucose solution of 75 g in 250 ml of water after an overnight fast and were requested to wait 2 h. Their 2-h capillary blood glucose level was determined using a Reflolux II M glucometer (Boehringer Mannheim B.V., Germany) [15] . A short questionnaire was completed on age, gender, occupation, income and family history of diabetes. Height and weight were measured with a balance stadiometer. These measurements were done by the same observer. Body mass index (BMI, kg/m2), as weight to height squared, was calculated. Although subjects who were receiving oral anti-diabetic treatment were not submitted to an oral glucose load, they were included in the assessment of the prevalence of diabetes mellitus. None of them used insulin treatment.
Definitions
Glucose tolerance was defined according to the 1985 WHO criteria using a 2 h post-load capillary blood sample [l] . Subjects with a 2 h glucose concentration of 11.1 mmoyl or over were classified as diabetes mellitus. Subjects with a 2 h value ranging from 7.8 to 11.1 mmovl were categorized as subjects with impaired glucose tolerance. Subjects with a blood glucose level lower than 7.8 mrnol/l were classified as subjects with normal glucose tolerance. The capillary blood glucose levels measured with the Reflolux II M method have been reported to show a satisfactory association with capillary glucose levels measured with the classical hexokinase methods (correlation coefficients > 0.99). In these studies the regression line between the glucose levels measured by the two methods was characterized by y = 1.06x + -1.41 (mg/dl) and y = 0.96x + 7.8 (mg/dl), respectively [16, 17] .
The population has been divided into quartiles according to their body mass index. The upper quartile of the BMI of the study population (L 21.97 kg/m2) was taken as a cut-off value to characterize subjects with an increased body weight. The con-ventional definition of overweight (BMI > 25 kg/m') was not used, since there was a very limited number of subjects fulfilling this criteria with impaired glucose tolerance (n = 7) and with diabetes mellitus (n = 3) in the studied population. A positive family history of diabetes was considered present when a first degree relative (parents, siblings and children) was treated for diabetes mellitus.
used no insulin treatment, it is most likely that they all may be considered as having non-insulindependent diabetes mellitus.
Results

Data analysis
The mean levels and proportions of several risk indicators of subjects with impaired glucose tolerance and non-insulin-dependent diabetes mellitus were compared to those of subjects with a normal glucose tolerance. The latter group was considered as a reference group. Multiple linear regression analysis was used for analysis of differences across groups, adjusted for age and gender [ 181. The odds ratio was calculated using a multiple logistic regression analysis to assess the strength of the association between the upper quartile of BMI, family history and glucose intolerance, adjusted for age and gender. Results are presented with a 95% confidence interval.
Four hundred and ninety subjects were asked and participated in the study. The response rate was lOO%, resulting in a fairly representative study sample for the Indians living in that rural area. Twenty three subjects were excluded due to a non-fasting state, a meal after glucose loading and not returning after 2 h for a blood sample. Because all participants were 40 years or over, and known diabetics Among the 467 participants 192 were men and 275 were women. The prevalence of impaired glucose tolerance was 6.6% (18 men and 13 women). Non-insulin-dependent diabetes mellitus was observed in 23 subjects (4.9%) of which 13 were men (Table 1) . Of the 23 subjects with non-insulindependent diabetes mellitus, 11 (2.3%) were known diabetics and were using oral anti-diabetic drugs at the time of the study. The prevalence of impaired glucose tolerance and non-insulin-dependent diabetes mellitus increased with age in both men and women (Table 1) . Impaired glucose tolerance was more common in men than in women, 9.4% and 4.7%, respectively. A similar finding was observed for non-insulin-dependent diabetes mellitus: 6.8% and 3.6%, respectively. The difference in prevalence between men and women could not be attributed to differences in body mass index or to differences in the prevalence of overweight subjects.
Compared to controls, subjects with impaired glucose tolerance were older, had a higher mean body mass index and among them were more men and subjects with a positive family history of diabetes mellitus ( Table 2 ). The differences in mean body mass index across groups remained statistically significant when differences in age and gender were taken into account (P = 0.03, Table 2 ). Results from logistic regression analysis indicated that among subjects with a body mass index in the upper quartile, impaired glucose tolerance was 2.6 times more likely than among subjects with a BMI below the upper quartile; the odds ratio was 2.6 (95% CI 1.25.9) (P = 0.01). This finding was independent of age, gender and family history.
With respect to subjects with non-insulindependent diabetes mellitus, similar findings were observed. Compared to controls, they were slightly older, had a higher body mass index, and among them were more men and more subjects with a positive family history of diabetes mellitus. The observed association between body mass index and family history remained statistically significant after adjustments were made for age and gender, P = 0.01 and P < 0.01, respectively ( Table 2 ). The age and gender adjusted odds ratio for subjects with a BMI in the upper quartile having diabetes mellitus compared to those with a BMI below the upper quartile was 2.6 (95% CI 1 .O, 6.7) (P = 0.05). Additional adjustment for family history reduced the magnitude of the observed association; the odds ratio was 1.9 (95% CI 0.7, 5.3) (P = 0.34).
Discussion
In our population-based study among 467 subjects, aged 40 years or over, living in a rural area in South India the prevalence of impaired glucose tolerance and non-insulin-dependent diabetes mellitus was 6.6% and 4.9%, respectively. The prevalence of glucose intolerance increased with age. Furthermore, glucose intolerance was more common in men than in women. Increasing body mass index was significantly, and independently from age and gender, associated with impaired glucose tolerance and non-insulin-dependent diabetes mellitus. A positive family history of diabetes was significantly more common among those with non-insulindependent diabetes mellitus.
Because of feasibility reasons only a 2 h glucose value was used to define the status of glucose intolerance. This approach is less sensitive in detecting glucose intolerance than the standard WHO glucose tolerance test. This may have underestimated the actual prevalence of impaired glucose tolerance and non-insulin-dependent diabetes mellitus in this study and may have reduced the magnitude of the associations with body mass index and a positive family history. However, since the reproducibility of the oral glucose tolerance test is limited [ 191, it is not likely that the results would greatly differ if a standard WHO glucose tolerance test was used.
Several studies in India have been performed on the prevalence of diabetes mellitus [ 12-14,20-221. Some of the published studies on the prevalence of diabetes mellitus and impaired glucose tolerance are summarized in Table 3 . The Kundremukh and Darya Ganj surveys, both urban areas, reported a prevalence of non-insulin-dependent diabetes mellitus in subjects of 40 years or over of 21% and 9.1%, respectively (13,141. In the Darya Ganj survey only the prevalence of known diabetes mellitus was assessed [ 141. More recently, the Eluru survey in 1989 performed in a town in a rural population found a prevalence of known diabetes of 6.1% in subjects aged 40 years or over [20] . Across these studies considerable differences exist in the definition and methods used to assess glucose intolerance, in selection of populations and in areas, which make comparisons difficult. Our finding of a prevalence of non-insulin-dependent diabetes mellitus of 4.9% in subjects aged 40 years or over living in a rural area, is similar to the results observed in other studies.
We are not aware of any study that has tried to assess the prevalence of impaired glucose tolerance among a rural population in South India according to the 1985 WHO criteria. Of the participants in our study a considerable proportion, 6.6%, was classified as having impaired glucose tolerance. Previous studies in South India have indicated that these individuals are at high risk of developing diabetes mellitus [ 13, 231 . This indicates that a considerable part of the rural population of South India may be burdened by morbidity from retinal, renal and arterial diseases associated with glucose intolerance in the future [24, 25] .
In several studies an increased body mass index has been associated with the development of glucose intolerance and hyperinsulinemia [3, 26] . Overweight is the best recognized risk factor for non-insulindependent diabetes mellitus and the duration of previous overweight is even more important than current overweight [27] . Furthermore, results from studies have indicated that familial aggregation was high among Indian diabetics and that there was a high prevalence of diabetes among children who had one or two diabetic parents [ 13, 23, . Our results are in accordance with these findings.
In conclusion, our data suggest that in 11.5% of the rural population of South India aged 40 years or over, glucose intolerance is present. Furthermore, in an Indian population glucose intolerance also appears to be associated with an increased body mass index and a positive family history of diabetes. Our tindings point out that, apart from other important causes of disease and life-expectancy, a considerable proportion of the rural Indian population may be burdened by cardiovascular morbidity and mortality in the future, which may have a dramatic impact on the Indian public health services.
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